[Purpose] The aim of this study was to identify the contributions of balance to gait and motor function in chronic stroke. [Subjects and Methods] Twenty-three outpatients participated in a cross-sectional assessment. Gait ability was assessed using the functional ambulation category, self-paced 10-m walking speed, and fastest 10-m walking speed. Standing balance and trunk control measures included the Berg Balance Scale and the Trunk Impairment Scale. Univariate and multivariate regression analyses were performed.
INTRODUCTION
Studies of factors related to impairments specific to gait or functional activity have targeted appropriate strategies for gait rehabilitation, and much of this research has been done in a clinical environment [1] [2] [3] [4] , examining gait rehabilitation based on the impairments of stroke patients 5, 6) .
Three factors affect the ability to walk: limb stability, balance, and limb advancement 2) . Of these, balance has been widely evaluated in stroke rehabilitation. There is a positive correlation between standing balance and gait velocity [1] [2] [3] 7) . Although there is a significant relationship between balance and gait, little is known about how the muscle strength of the affected leg affects gait ability 8) and there might be compensatory movement rather than true impairment recovery following a stroke.
Trunk control is an early predictor of daily living activities following a stroke. The recovery of trunk performance may range from 45-71% [9] [10] [11] [12] . The abnormal pelvic displacement of stroke patients impairs their balance ability and decreases their gait speed 13) . Until now, most research addressing the effects of treatment on performance has focused on the legs and arms, rather than trunk performance, and the recovery of trunk balance has been ignored in rehabilitation research 14, 15) . In addition, little is known about the relationship between motor recovery and trunk control.
Of the methods used to evaluate walking ability, gait speed is the most sensitive measure. The requirements for self-paced walking speed or fastest walking speed can depend on the environment, and gait speed influences the temporal and spatial gait characteristics of hemiplegic stroke patients 16) . An inability to walk quickly is an important functional limitation. To improve gait ability, therapeutic treatments typically focus on muscle strength, balance, motor function, sensory impairment, and spasticity 6, 17) .
To maximize the treatment effectiveness, physical therapy need to be evidence-based and should focus on specific stroke components or impairments in the intervention. Although research has analyzed factors related to gait ability, the relative importance of standing balance and trunk balance in walking and motor function has not been established. The most important rehabilitation goal is the recovery of independent, safe, quick, and long distance gait 5) . Therefore, the improvement of gait speed is a major goal in stroke rehabilitation 18) and investigation of factors related to impairments specific to activity limitations may be helpful for determining and targeting appropriate strategies for gait rehabilitation. Therefore, this study investigated the contributions of balance to gait and motor function in chronic stroke.
SUBJECTS AND METHODS
We conducted a cross-sectional assessment of outpatients treated for stroke at St. Vincent's Hospital, Suwon, Republic of Korea. Exclusion criteria were bilateral lesions, brainstem lesions, orthopedic problems leading to difficulty with balance and gait, and comprehension problems. This study followed the principles of the Declaration of Helsinki, and all patients gave their informed consent.
Two therapists conducted the tests. To control the inter-rater reliability of the measurements, one evaluated impairments using the Trunk Impairment Scale (TIS) 19) , Berg Balance Scale (BBS) 20) , and Fugl-Meyer motor assessment of the upper and lower extremities 21) , and the other measured gait ability using the Functional Ambulatory Category (FAC), and the self-paced 10-m walking speed, and fastest 10-m walking speed. The subjects asked to walk at a self-paced speed and as quickly as possible and their walking times were measured over the middle 10 m of a 15-m pathway. Two trials of each walking speed were performed, and the mean time of the two was used in the analysis.
Univariate regression analysis was performed to identify relationships between gait ability and the TIS score, TIS subscores, and BBS. Variables in the univariate analyses with p<0.15 were included as independent variables in the multivariate regression analysis. Significance was accepted for values of p <0.05.
RESULTS
This study enrolled 23 patients with a mean age of 51.4 ± 12.7 (range 20-71) years. Table 1 summarizes the assessment results. The mean self-paced and fastest walking speeds were 0.69 and 0.86 m/s, respectively. In the univariate regression model, the total TIS and TIS subscores were significantly related to gait ability and motor function, and a significant relationship was found between the TIS static balance subscale and self-paced walking speed. The TIS dynamic balance subscale and BBS were significantly related to gait ability and motor function. The TIS coordination subscale was related to the FAC and motor function of the lower limbs (Table 2 ). In the multivariate regression model, balance was the best predictor of the FAC, self-paced walking speed, and fastest walking speed, accounting for 57-61% of the variances. The total TIS score was the only predictor of the motor function of the lower limbs, and the TIS dynamic balance subscale predicted the motor function of the upper limbs, accounting for 41% and 29% of the variance, respectively (Table 3) .
DISCUSSION
This study investigated the relative contributions of standing balance and trunk balance to gait ability and motor function. The results verify the contribution of standing balance to gait ability and are in agreement with the findings of previous studies 7, 8) . A significant relationship was demonstrated between balance and gait. Katz-Leurer et al. suggested that the strategy for reducing gait speed might reflect adaptations needed to increase stability during walking by children with traumatic brain injury 4) . There was a weak relationship between muscle strength of the affected leg and gait ability, which might be due to compensatory movement rather than to true recovery of impairment following stroke 8) .
The relationship between balance and walking in stroke patients has been highlighted 7) . Previously, we demonstrated that balance is an important factor in gait speed and distance in multiple regression analysis 3) . In the present study, the BBS was the only contributor to the FAC level and self-paced and fastest walking speeds. Trunk balance was not a significant predictor of gait ability. This might be because the BBS consists of 14 items involving various tasks performed while sitting and standing, and measures different aspects of postural control other than balance control while sitting. The TIS is more strongly related to measures of motor function than the gait ability of stroke patients. In our recent study, the similar degrees of recovery observed in the trunk and lower leg support this proposition 22) .
In the present study, although balance had a high power of explaining gait ability, trunk balance was a determinant of motor function rather than gait ability. Based on the evidence of bilateral innervation of the trunk musculature 23) , recovery of trunk control after stroke may be likely. However, the results of this study indicate that trunk performance is impaired in chronic stroke patients, supporting the findings of Verheyden et al 24, 25) . There is evidence that trunk performance is an important predictor of functional outcome following stroke [9] [10] [11] . Verheyden et al. found relationships between trunk performance and measures of balance, gait, and functional ability after stroke 24) . In our study, no subject received the maximum score on the trunk impairment scale, indicating that the measure has no ceiling effect, and Verheyden et al. suggested that a score greater than 20 is indicative of normal trunk function 12) . Dynamic sitting balance and co-ordination are indicators of the ability to perform lateral flexion and rotation of the upper and lower parts of the trunk, respectively. This might explain why the result of the regression analysis between the total TIS and lower motor function was significant, as was the relationship between dynamic sitting balance and upper motor function. Although gait speed is a sensitive measure of objective changes in walking 26) and a reliable tool for stroke patients 27) , there was no significant relationship between the improvement in gait speed and motor function 28) . Gait speed could not be explained completely by balance in our series. Muscle strength and spasticity were considered contributors to gait speed in another study 3) . Therefore, we also used the FAC to evaluate gait ability. The FAC was designed to provide information on the level of physical support needed by patients to ambulate both outdoors and indoors. The assessment is scored from 0 (requiring continuous support from two individuals) to 5 (ability to walk indoors and outdoors independently) 29) . Nevertheless, only BBS explained FAC, implying that balance is a very important factor for ambulation outdoors.
Our results must be interpreted with caution, because the sample size in this trial was small. Moreover, the measures of gait ability and motor recovery were compared only with the BBS and TIS. As ambulation is a complex cooperative movement involving the motor, sensory, and cognitive systems, other factors related to walking ability following a stroke need to be considered. A prospective study of acute stroke patients is necessary to analyze the relationship between change in balance and walking recovery, as well as to determine the actual activity of the trunk and the extremities' musculature during a task using electromyography. In addition, further studies of effective training are needed to better understand whether standing balance and trunk balance exercises enhance the gait ability and motor functions of patients with chronic stroke.
